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7 -39 .1 .0 INTRODUCTION

The study referenced in Section 7.42.2 is designed to aid in
deterrnining the effects of retreat-mining produced subsidence on
overlying iratersheds. Specif icalIy, this study investigates the
effecls of subsidence on Lrosion witnin the overlying Blind Canyon
watershed. The portion of the Blind Canyon watershed investiqated
is State Sectioir 36 in TL5S-R68, which is contained within the
Manti-La SaI National Forest. t ' todeting of the pre- and post-nining
erosion rates has been completed and appears in Appendices 7-27
through 7-37. Appendix 7-fe calculates BIind Canyon . channel
erosi6n and the p6i,ent,ial cumulative erosion of the drainage in
Section 36. This appendix presents the methodology us99 in
determining the pre- lna post:rnining erosion rates and sediment
productioni eenwll Coal has committed to funding and parlaking i l
a  U.S.F.S.  In termounta in Research Stat ion Study (Appendices 7-25
and 7-26) to conduct a study to monitor the actual effects of
mining in Utah State Sect. ion :e. Due to the inabil i ty to perform
sediment control measures within the B1ind Canyon drainage for fear
of  in f luencing the U.S.F.S.  In termounta in Research Pro ject ,  eenyg]
Coal has committ"a to provide the Manti-La Sal National Forest with
ten thousand dollars to perform sediment control measures at other
sites within the t"tanti- l ,a SaI National Forest that the Forest
Service has determined would be aided by the implementation of
sediment control measures. This sediment control enhancement
procedure would control an equal or greater amount of sediment that
Lould theoretical ly be del- ivered Lo the Manti La-Sal National
Forest frorn Utah State Section 36.

This  U.S.F.S.  In termounta in Research Stat , ion 's  invest igat ion
serves as part of a continuing study of the effect's of subsidence
on overlying watersheds. The Research Station wit l  conduct
hydrologi-c i irvestigations of the Blind Canyon watershed prior to,
during, and fol lowing subsidence. Studies conducted by the
Reseaich Station wil l  te aided by subsidence monitoring, and water
quali ty/quantity data col lection conducted by Genwal Coal Company.
fn aAOltlon, td assess effects of subsidence on erosion, Genwal
Coal Cornpany has performed pre- and wil l  conduct post-subsidence
eros ion ia lcu lat ions for  sec l ion 36 for  ten years s tar t ing in  L992-

Erosion magnitudes were obtained using United States Forest
Service erosion loss calculations (Tew, Lg73') '  and a computer model
(SEDROUTE) obtained from the Manti-ta Sal National Forest (Kelly,
ig le) .  Discuss ions wi th  Dennis  Kel ly  as wel l  as a SEDROUTE user 's
guide, and examples of how Dennis Xe1ly has used SEDRoUTE in other
i i tes proved invaluable in applying SEDROUTE. In general, SEDROUTE
takes ioi l  loss data and cjfcufates the amount of sediment yield
within a watershed. Inputs into erosion calculations include, land
types (and their respective curve numbers), vegetation types, anq
soi f  types ( inherent  so i l  erodib i l i t ies) .  Many of  these in tegra l
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data inputs into the erosion calculations h/ere provided .by
personnel frorn the Manti-La Sal National Forest. The variabi l i ty
oe scales, and the large scales of the data obtained from the
Manti-La Sal National Forest necessitated rescaling the above-
mentioned data to a scale with which representative land types
could be delineated. As a result,  composite land types for the
Blind Canyon watershed were delineated. The mapped Manti-La SaI
National Forest land types, vegetation, and soil  data served as the
base upon which the composite land types were delineated. Plates
7-8 and 7-LO show the l, tanti-ta Sal Forest vegetation, soi l ,  and
land type boundaries, as well as the composite land !yp"
boundar]-Ls. Eight composite land types, numbered one through eight
were del ineated wi th in  Sect ion 36.

SEDROUTE erosion calculat,ions were added to worst-case erosion
conditions that could occur in the Blind Canyon stream drainage.
A pre- and post-nining profi le of the Blind Canyon drainage appear
in Plate 7-LL. Calculations of stream bed erosion that may occur
are found in Appendix 7-38.

7 - 3 9 . 2 . O EROSION CAIJCUIJATION METHODOLOGY

Tew (L973) provides soil  loss rates via a nomograph
beginning with inherenl soi l  erodibi l i ty, and progressing through
rainfal l  factor, percent slope, percent ground cover, and percent
crown cover, to yield a soi l-IosJ rate in inches per year for each
land type. The sbif loss rate for each land type is then inputted
into SeOnOUfn, to yield an annual sediment yield rate in acre-feet.

An integral step in calculat, ing projected magnitudes .of
erosion that may occur as a resutt of 

-subsidence 
is to determine

the magnitude oi subsidence, and the resultant change in slope of
the overlying composite land types. To determine subsidence
rnagnitudeJ, t-errafek Research Company was conLracted by Genwal to
deiermine subsidence magnitudes in the B1ind Canyon Watershed.
Modeting was conducted uslng a Boundary Element Model (BEM), Finite
Element Model (FEM), ds well as compafisons with actual subsidence
magnitudes that have occurred and previously been quantified at
eenwal CoaI Company's Crandall  Canyon Mine, and ttre neighboring
Deer Creek Mine jteiratek, 1993). The TerraTek subsidence modeling
results appear in Appendix 7-40. Due to the l iberal nature of the
subsidence nagnitude results produced by the FEM (TerraTek, L993),
the FEM subtidence resultJ were used. to assess subsidence
magnitudes. Subsidence transects and the magnitudes of subsidence
appear  on Plate 7-9.
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7 - 3 9 . 2 . L soil IJoEs Determination

7 -39 .2 .L .L  Inbe ren t  8o i1  E rod ib i l i t y

Inherent soi l  erodibi l i t ies for each conposite land type !"ere
obtained by calculating a weighted average soil  erodibi l i ty. So11
erodibi l i t les were obiained from the soil  data provided by the
Manti-La Sal National Forest. Manti-La SaI National Forest soi l
data appears in  Appendix  7-27.  Soi l  erodib i l i ty  ca lcu lat ions
appear  in  Appendix  7-28.

? -39 .2 .L .2  Ra in fa l l  Fac to r

The rainfal l  factor for the entire area encompassing the
Bl ind Canyon Watershed is  0.045 (Tew, 1973) .

7 -39 .2 .1 .3  Pe rcen t  S lope

Both pre- and post-subsidence percent slopes for each
composite ILnd type were determined. Subsidence magnitudes (see
applndix 7-4o andltate 7-9) were used to determine the post-nining
percent slope of each composite land type. Land slopes were
oUtainea for each composite land type using method seven as
outl ined by the Water Relources Bullet in (Chang et aI '  L989). Prel
and post-n-ining percent slope calculations for each composite land
type are found in AppendLx 7-29

7-39.2.L.4 Percent Ground and Crown Cover

Weighted averages of both percent ground and crown cover were
calculated frorn vegetation aJte provided by the Manti-La Sal
Nat ional  Forest  (Appendix  7-30) .  Weighted averages for -  th9
composite land typei were calculated for both percent ground and
perlent croh/n cover. Appendix 7-3L contains weighted percent
ground and crown cover calculations.

? -39. 2 . 1. 5 soi l  r,oss Nomograph

Nomographs (Tew, Lg73) of inherent soi l  erodibi l i ty, rainfal l
factor, percent slope, percent ground, and crohrn cover, yielding
soi l  loss rates ( inches/year) ,  were p lot ted for  each composi te  land
type. The pre- and postlmining nomographs appear in Appendices. J-
g1-and 7-33-t respectlvely. A table summarizing and comparing the
pre- and post-rnining soit loss calculations appear at the end of
Appendix  7-33.

7 -39 .2 .2 SEDROUTE

Weighted average runoff curve numbers for eactr composite land
type wer6 calculate-a using the curve nurnbers of the Manti-La SaI
ultional Forest land typel. Manti-La Sal National Forest land
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types appear in Appendix 7-34 and on Plate 7-8. The runoff curve
numbers issociated with each Manti-La Sa1 National Forest land type
were provided by the Forest Service. Calculations of the weighted
runoff curve numbers for the composite land types appear in
Appendix  7-35.

?-39.2.2.L Stream Channel  Densi ty

Stream channel density, defined as the stream channel length
(ni les) divided by the arel (square mites) of each composite land
typ. were calculaled. calcuia€ions of stream channel density are
found in Appendix 7-36. Plate 7-LO shows the drainages in each
land type.

7-39.2.2.2 SEDROUTE Calcu lat ions

For each of the eight cornposite land types the following data
$Iere entered into the SEDROUTE proqram: land type number, area
(acres) ,  runof f  curve number,  eros ion rate ( IN) ,  percent  s lope,  an9
stream channel density (MI/SQ MI). SEDROUTE then calculated annual
eros ion (Ac FT) ,  po l lu t ion hazard index,  de l ivery coef f ic ient  (Z)  '
sediment '  y ie ld '  ia te ( IN/YR),  and annual  sediment  y ie ld  rate
(AC /YR) .

SEDROUTE outPuts.
ou tpu ts  i s  0 .006

Appendix 7-37 contains pre- and post-mining
The difference in pre- and post-mining SEDROUTE
AC-FT.

2.39.2.3 STREAIII BED EROSION CALCULATIONS

A pre- and post-nining profi le of the Blind Canyon drainage
appear 1n Plate 7-LL. Worlt case calculations of stream bed
elbsion that may occur are found in Appendix 7-38. The vert ical
amount of subsidence is used to obtain the vert ical amount of
erosion that may occur in the d.rainage channel. Channel width and
side slopes equal to those currently present are used as the
condit ions preJent after rnining. The volurne of material within the
potential downcut drainage is calculated. This calculation is
reduced by the amount of gravel material present in the downcut
volume of soi l  that is coarser than gravel (Soil  Taxonomy, L975).
The estimate of the percent of coarse rnaterial was obtained from
the Manti-La SaI soit surveys of the area to be subsided. In
calculating the amount of nateriaL too coarse to be transported,
worst-case values of the Manti-ta Sal Forest Service data was used.
No downcutting and hence erosion is calculated in channel reaches
where the stieam is f lowing directly on bedrock (Plate 7-L1)
(personal communication, Dennis Kelly) .
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7-39 .2 .4  D ISCUSSION

As discussed in Appendix 7-4O and shown on Plate 7-9, the
maximum subsidence occurs r,irhere the overburden is greatest.
Consequently the magnitude of subsidence over the ridges (malimum
40.3 incnesl is greater than that at the lower stream drainage
elevations (minirnurn L6 inches) . In general the south-slope of
Blind Canyon is somewhat flattened, wnite the north-slope remains
unaltered. As a result,  the percent slopes of the vast majority of
the cornposite land types remains constant or decreases.

The percent slope of the land types is the only.parameter that
changes ls a result of retreat 

- 
produced subsidence in the

calcri lat ion of soi l  loss (Appendix Z-29). Of the eight composite
Iand types, the percent s16p-eL remained constant in four, decreased
in thr-ee, and increased in only one. The three land types.that
exhibit a decrease in percent slope, experience minor reductions-
Land type eight experi6nces an inCrease of 5.92. This increase j-n

the peicent Jlope of land type eight can be partially attributed to
the Lbsence of L subsidence hoaefing transect in the western third
of section 36, where the overburden and expected subsidence
magnitude is expected to be greatest.

Comparison of the pre-and post-mining SEDROUTE erosion
calculations for the Blind Canyon Wltershed reveal an increase in
annual  sediment  y ie ld  of  on ly  0.006 acre- feet .  Worst -case st ream
channel  eros ion is  0 .44 acre- feet  o f  sediment ,  y ie ld ing a to ta l  o f
O.446 acre- feet  o f  potent ia l ly  erodib le  mater ia l  that  could resul t
from retreat mining-of State dection 36. As a worst-case estimate,
the amount of rnatel ial that could enter the Manti-fa Sal National
Forest Service lands from State Sect, ion 36, the entire volume is
assumed to be transported down the drainage onto Forest Servj-ce
1and. Genwal cornmits to providing the Manti-La Sal National Forest
with ten thousand dollars to rnit igate this or a greater volume of
sediment.
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